Pollinators in High-Elevation Ecosystems: prolonged daily cloudiness and rain the bees may complete a few foraging trips before poor flight conditions prevail, but the number of trips is not sufficient to assure maximum seed set. The poor flight conditions force the bees to forage elsewhere or to remain in their nests. In contrast, hummingbirds work throughout the day regardless of clouds or rain. As a consequence, bird flowers are visited often enough to assure good seed set.
A further question can be asked. Do bird-flowered plants have to pay for their higher fecundity? Data from Salvia and Stachys (Labiatae) suggest that higher fecundity is purchased by an increased energy expenditure in terms of increased pollen production. Salvia chiapensis Fernald and S. cardinalis Kunth (bird flowers) produce about 12,200 and 17,000 pollen grains per ovule, respectively, whereas two bee-flowered species have ratios of pollen to ovules (P/O) of 5800/1.
Similarly, Stachys coccinea Jacq. has a PIO of 14,500/1 and St. eriantha a PIO of 3500/1. In both genera the bird flowers that were studied produce significantly more pollen than the bee flowers. However, Satureja mexicana (Benth.) Briq., a typical bird flower, produces much less pollen (PIO is 1685/I ) than do the bee flowers in Salvia and Stachys. That bird-flowered plants need not produce significantly more pollen than bee-flowered plants is also shown by a comparison of Fenstemon kunthii and P. gentianoides, which have similar P/O ratios.
Several conclusions may be drawn from the observations. First, there is little or no difference in effectiveness between bees and birds as pollinators, provided that flight conditions are favorable. Second, birds are more effective pollinators at high elevations during the rainy season because they remain active during cloudy and rainy weather, whereas bees are relatively poor pollinators under such conditions. I suggest that the greater number of bird-flowered plants at high elevations is due, in part, to their greater reproductive success during the rainy season. Third, in some groups, such as Salvia, bird-flowered plants may achieve their higher fecundity at the cost of greater pollen production.
Further, as a model for making predictions for other plant groups and perhaps other geographic localities, I suggest that the relative number of, birdflowered plants will be greater in habitats and at seasons with limited bee activity. Conversely, the relative number of bee-flowered plants will be greater in habitats and at seasons favorable to bee activity.
A comparison of two closely related taxa in Iridaceae indicates that the model has predictive power. In Tigridia subgenus Tigridia (bee-flowered), seven of eight species flower at the beginning of the rainy season, a period of sporadic rains, and six of eight species grow at mid-elevations. Only a single species grows at high elevations and flowers during the middle of the rainy season (4) . In contrast, all four species of Rigidella (bird-flowered) grow at high elevations. The flowering seasons of two species extend well into the rainy season, and a third species flowers only during the rainy season. Thus, as predicted, the bee-flowered Tigridia occur at mid-elevations or flower early in the rainy season, or both, and avoid poor flight conditions, whereas the birdflowered Rigidella occur at high elevations and flower during the rainy season.
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